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Figure 5:Mean	  ver(cal	  proﬁles	  of	  cloud	  ice	  mixing	  ra(o	  for	  
the	  simula'on	  without	  nudging	  	  and	  simula'on	  with	  water	  
vapor	  nudging.	  
 
Figure 6: Evolu(on	  in	  DJF	  of	  the	  cold	  point	  tropopause	  
temperature	  for	  WRF	  without	  nudging,	  WRF	  with	  nudging,	  ERA-­‐I	  
and	  MERRA.	  
	  	  
Figure 3: Distribu(on	  of	  mean	  temperature	  for	  DJF	  at	  
100hPa	  for	  ERA-­‐I	  (top)	  and	  WRF	  (boJom).	  
 
Introduction 
Figure 4: Comparison	  between	  WRF	  and	  radiosonde	  
temperature	  data	  at	  Singapore	  (103.98°E,	  1.36°N).	  	  
WRF	  and	  radiosonde	  data.	  Time-­‐series	  of	  daily	  mean	  
temperature	  at	  (a)	  100hPa,	  (b)	  70hPa,	  (c)	  50hPa,	  (d)	  




The WRF model is used to investigate key physical processes 
controlling the TTL temperature and water vapor distributions in 
DJF 2006. The model’s ability to replicate TTL temperature/
water vapor is evaluated via comparisons with radiosonde data, 
reanalyses and MLS water vapor measurements. 
	  Results	  of	  the	  simula(ons	  show	  that	  the	  model	  
reproduces	  the	  mean	  temperature	  and	  its	  variability	  above	  50	  hPa	  
as	  well	  as	  the	  tropical	  tropopause	  height.	  However,	  the	  model	  
cold	  point	  tropopause	  temperature	  is	  colder	  than	  the	  reanalyses	  
by	  ~1.2	  K.	  	  The	  model	  captures	  the	  loca(on	  of	  TTL	  water	  vapor	  
minimum	  in	  the	  Western	  Paciﬁc,	  but	  is	  drier	  than	  the	  MLS	  
observa(ons	  in	  the	  TTL.	  	  To	  assess	  possible	  reasons	  for	  the	  
tropopause	  temperature	  discrepancy,	  an	  addi(onal	  WRF	  
experiment	  was	  conducted	  using	  analysis	  nudging	  for	  water	  vapor.	  
This	  experiment	  indicates	  more	  tropical	  cirrus	  clouds	  in	  the	  upper	  
troposphere	  and	  a	  warming	  of	  ~1.5	  K	  of	  the	  cold	  point	  
tropopause.	  This	  suggests	  that	  the	  radia(ve	  eﬀects	  of	  cirrus	  clouds	  
must	  be	  considered	  for	  accurate	  temperature	  simula(ons	  in	  the	  
TTL	  . 
Method (Model/Ozone data) 
Key points 
Results 
•  WRF	  reproduces	  the	  stratospheric	  temperature	  
variability	  and	  tropopause	  height.	  
	  
•  	  The	  radia(ve	  eﬀects	  of	  cirrus	  clouds	  are	  important	  for 
TTL temperature simulations.	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Figure 1: Mean vertical profile of ozone (ppmv) 
averaged over the tropics (30°S-30°N).  BDBP 
ozone, default WRF Goddard radiation scheme 
ozone profile for the tropics. 
Figure 2: Mean	  ver(cal	  proﬁles	  of	  temperature	  (top)	  
and	  water	  vapor	  (boJom)	  averaged	  over	  the	  deep	  tropics	  
(10°S-­‐10°N)	  for	  DJF.	  	  WRF,	  MERRA,	  ERA-­‐I	  and	  MLS 
The	  model	  domain	  is	  conﬁgured	  as	  a	  tropical	  channel	  with	  a	  
horizontal	  grid-­‐spacing	  of	  36	  km,	  a	  ver(cal	  grid-­‐spacing	  of	  
500	  m	  and	  a	  top	  at	  0.1	  hPa.	  	  Ini(al	  and	  boundary	  condi(ons	  
are	  set	  using	  the	  ERA-­‐Interim	  reanalysis	  dataset.	  	  
Ø  OZONE	  
The	  model	  is	  forced	  with	  an	  ozone	  distribu(on	  based	  on	  a	  
regression	  model	  ﬁt	  to	  the	  ozone	  data	  collated	  within	  the	  
Binary	  Database	  of	  Proﬁles	  (BDBP;	  Hassler	  et	  al.,	  2008).	  
Measurements	  are	  from	  SAGE	  I	  and	  II,	  the	  Halogen	  
Occulta(on	  Experiment	  (HALOE)	  instrument,	  the	  Polar	  Ozone	  
and	  Aerosol	  Measurement	  (POAM)	  II	  and	  III	  instruments,	  and	  
over	  130	  ozonesonde	  sta(ons	  globally.	  The	  ozone	  data	  
covers	  the	  pressure	  region	  from	  the	  surface	  up	  to	  ~0.05	  hPa	  
with	  Δz=1km.	  The	  BDPB	  monthly	  zonal-­‐mean	  climatological	  
data span the years 1979 to 2008. In the simulations we 
used the dataset from Nov 2005 to March 2006. 
Increase	  in	  cloud	  ice	  
in	  the	  TTL	  
+2K	  
